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 Establishing reference conditions for multimetric health 
indices: the benefits and challenges of historical data sets
Fishbase
Chris Hallett, Fiona Valesini, Norm Hall
Centre for Fish and Fisheries Research, Murdoch University, WA
www.arikah.com Multimetric indices
 Metric selection
 Reference conditions – data 
standardisation
 Benefits and challenges
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Metrics Distance-based linear modelling 
(DISTLM)
 Non-linear multivariate 
techniques (BIOENV)
 Multiple data sets and analyses
 Weight of evidence approach
 Select suite of metrics which 
efficiently represents ecosystem 
health
Metric selection
Metric  Nearshore  Offshore 
No species     
Dominance     
Sh-div     
Prop trop spec     
No trop spec     
No trop gen     
Prop detr     
Feed guild comp     
Prop benthic     
No benthic     
Prop est spawn     
No est spawn     
Prop P. olorum     
Tot no P. olorum     
 
Hallett, C.S., Valesini, F.J., Clarke, K.R. (In review). A 
method for selecting health index metrics in the absence 
of independent measures of ecological condition.
Selected metricsReference conditions
 ‘Best-available’ reference…
 Long-term data set with good 
but varying spatial coverage
 Offshore waters (> 2 m) 
Consistent sampling regime 
and methodology
 Nearshore waters (< 2 m) 
Multiple sampling methods
Need to standardise nearshore fish community data to 
account for effects of differential net biases, before we can 
compare or collate data from different periods 
to establish ‘best-available’ reference conditions Two estuarine ‘regions’:
‘Basin’
‘River’
 Ten sites across each
region
 Two seasons:
Spring 2008
Autumn 2009
 Three seine nets
21.5 m (116 m2)
41.5 m (274 m2)
133 m (2815 m2)
(half of 133 m net used at some sites)
 One sample collected with 
each net, deployed in a 
randomised order
Net comparison studyNet standardisation
Current and historic nearshore fish abundance data standardised to ensure 
comparability between sampling methods:
1. Generalized linear modelling 
of data from net comparison 
study
2. Derive equivalence factors for 
adjusting historic catch data 
(>100 m and 41 m nets) to
21 m net equivalents
3. Equivalence factors for each habitat guild applied to species counts in historical 
data sets  standardised historical reference data set (1977-2009)
41.5 m
133 m Reference conditions for each metric determined statistically from 95th 
percentiles (negative metrics) or 5th percentiles (positive metrics) of 
standardised data
 Specific reference conditions established for each region of the estuary 
in each season
 Metrics scored (0-10) according to their deviation from the best 
available reference
 Quantitative Index score (0-100) calculated by summing scores for all 
metrics
 Index score can then be used to allocate qualitative Ecological Quality 
Status:
Reference conditions and scoring
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Mean (± s.e.) nearshore
health index scores
Mean (± s.e.) offshore
health index scores
 Health of nearshore waters 
‘fair’, although…
 Historical nearshore scores less 
reliable
 Reliable evidence of recent 
increase in nearshore health 
index scores
 Offshore scores more reliable
 Health of offshore waters has 
declined:
 ‘Poor’ for first time in three 
decades
 Evidence of fish shifting to 
nearshore waters in recent years?
Analysing trends: 1. Estuary-wideLower Swan and Canning Estuary Zone
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Canning Estuary and Lower Canning River Zones
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Analysing trends: 2. Zone-by-zone
(Nearshore index scores)
Upper Swan Estuary Zone
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Middle Swan Estuary Zone
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 Novel standardisation 
method enables a degree of 
comparison across sampling 
methods
 Illuminate long-term changes
 Analysis of multiple temporal 
and spatial scales
 Maximises data to provide 
more reliable ‘best-available’ 
reference conditions 
 Gaps in sampling regime 
hinder interpretation of trends
 Impossible to adjust between 
data sets for differences in 
species absence
 Different sampling methods 
have their own pro’s and con’s, 
but trend towards smaller nets
Benefits Challenges
Long-term, annual monitoring via a consistent methodology
is key to maximising the utility of ecological health indices
for estuarine managementAcknowledgements:
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